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ABSTRACT : PURPOSE: To form a vapor phase epitaxially grown layer of the crystal of a compd. 

semiconductor in a short time in the vapor deposition stage of the crystal of the compd. 
semiconductor on the surface of a substrate in a furnace core tube by heating the 
substrate and reacting gases in the furnace core tube. 

CONSTITUTION: A crystal substrate 9 of a compd. InP is placed on a susceptor 8 made 
of SiC-coated graphite on a boat 7 in a furnace core tube 1 . A hood 14 is provided so as to 
cover the substrate 9. Gaseous triethyl indium is supplied from the outside through a 
conduit 13 into the core tube, and gaseous PH3, ASH3 are supplied therein through a 
conduit 15 so that the thin film of the crystal of a compd. semiconductor of InP is 
vapor-deposited epitaxially on the surface of the substrate 9. A susceptor 8 is heated with 
a high-frequency induction heater 17 to heat the substrate 9 thereon. Similarly, heating 
blocks 16 made of SiC-coated graphite are heated to heat gases such as PH3 and AsH 
passing therethrough, whereby the rate of the vapor phase epitaxial growth is improved. 
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SPECIFICATION 

TITLE OF THE INVENTION 

VAPOR PHASE DEPOSITION DEVICE 

Claims : 

1 . A vapor phase deposition device equipped with a reactor core 
tube, first gas supply line having an injection port over the 
upper surface of the substrate placed in the above reactor core 
tube, second gas supply port positioned at one end of the above 
reactor core tube, and heating section for heating the above 
reactor core tube. 

2. The vapor phase deposition device according to Claim 1, 
wherein a heating block is provided between said substrate 
placed in said reactor core tube and second gas supply port. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to a vapor phase deposition device 
which can produce a high-quality deposition layer of an 



8 



InP-based compound semiconductor. 

The methods for epitaxial growth of compound semiconductor 
of Group III and V elements fall into two general categories, 
liquid phase and vapor phase deposition, the latter being more 
suitable for massive production- In particular, the MOCVD 
(metal-organic-CVD) method is capable of keeping the vapor 
phase ratio almost the same as the solid phase ratio, and more 
controllable than the halide method. 

Fig.l shows the conventional MOCVD method, wherein the 
reactor core tube 1 is provided with the end caps 2 and 3 at 
both ends, and the end cap 2 is provided with the gas supply 
tubes 4 and 5. When the InP crystal is to be grown, an organic 
metal compound, e.g., TEX (trimethyl indium), and PH3 gas are 
supplied to the reactor core tube 1 separately via the gas 
supply tubes 4 and 5, respectively. These gases flow through 
the reactor tube 1 and are discharged therefrom through the 
outlet port 6. The susceptor 8 supported by the boat 7 is made 
of graphite coated with SiC, and supports the substrate 9. The 
substrate 9 is kept at high temperature by the RF coil 10. Its 
temperature is sensed by the thermocouples 11, and a feed back 
loop is normally provided to keep it at a constant level. 

Rate of epitaxial growth of, e.g. , InP, on an InP substrate 
in this device is very low, even when feed rates of TEI and 
PH3 and growth temperature are changed. For example, an 
approximately O.ljun thick epitaxial layer is formed on the 
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substrate 9, when TEI placed in a constant-temperature bath 
kept at 65*^0 is bubbled with Hj flowing at lOOcc/minute, a 
Hj-based gas containing 2% of PH3 is charged at 200cc/minute 
while being carried by Hj flowing at 11/minute/ and the crystal 
is grown at 650 °C for 9 0 minutes. This growth rate is 
impractically low. Such a low growth rate results from 
insufficient pyrolysis of PH3, as it reacts with TEI to form 
a complex, e.g., (C2H5)3*PH3, to retard growth of InP- 

One approach for accelerating pyrolysis of PH3 is to install 
the furnace 12 in the gas supply tube 5 as the PH3 gas supply 
line and heat it at around 7 00''C. This accelerates growth of 
the crystal to some extent, but grows InP on a site other than 
the substrate9, causing loss of the reaction region for TEI 
and In. Its another disadvantage is deteriorated efficiency, 
unless the furnace 12 and reactor core 1 in the reaction furnace 
are sufficiently close to each other, because of deposition 
of P on the tube walls between them. Moreover, it is necessary 
for the gas supply tube 5 region in the furnace 12 to be 
structurally made of quartz, which tends to make the device 
more complex. 

It is an object of the present invention to provide a vapor 
phase deposition device which can accelerate formation of 
high-quality epitaxial growth layer of InP-based material, in 
order to solve the problems involved in the conventional 
device . 
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Fig. 2 illustrates one example of the present invention^ 
wherein the same member as that shown in Fig-1 is marked with 
the same number. An organometallic gas^ e.g. , TEI, is supplied 
to the reactor core tube 1 via the gas supply tube 13, provided 
with the hood 14 at one end in such a way that it cover the 
upper surface of the substrate 9. Growth rate and 
crystallinity of the crystal vary depending on, e.g., shape 
and structure of the hood 14 and also on gap dimensions between 
the hood 14 and substrate 9 on which the crystal is grown. The 
PH3- or AsHg-based gas is introduced into the reactor core 1 
via the gas supply tube 15, to the vicinity of the 
crystal-growing substrate 9 via the heating block 16 of 
graphite coated with SiC. The heating block 16 of graphite 
coated with SiC is provided with an adequate number of 
through-holes to help heat the gas uniformly. The heating 
block 16 may also serve as a supporting table for the 
hood-equipped gas supply tube 13. The susceptor 8 for the 
crystal-growing substrate 9 and heating block 16 are 
simultaneously heated by the RF heating coil 17. It is 
preferable to separate the heating block 16 and hood-equipped 
gas supply tube 13 from each other as far as possible, because 
the gas flowing through the gas supply tube 13 may be reacted 
by the accumulated heat in the heating block 16 and the 
resultant solid product may be deposited on the inner walls, 
when they are sufficiently close to each other. In order to 



11 



increase temperature of the heating block 16 for preheating 
PH3, the gap 18 in the RF heating coil 17 can be narrowed. 

The crystal is grown to a thickness of approximately 3 to 
5|Lim in an hour under the following conditions: TEI (heated at 
50°C) is bubbled with H2 flowing at lOOcc/minute, a Hj-based 
gas containing 2% of PH3 is charged at 2 OOcc /minute while being 
carried by Hj flowing at 11 /minute^ and crystal growth 
temperature and the vicinity of the heating block 16 for 
Preheating PH3 are set 600 and 700 °C, respectively. This 
growth rate is several tens times faster than that attained 
by the conventional device. 

The above example mentions the InP-based vapor phase 
deposition. It is however needless to say that the present 
invention is also applicable to the epitaxial growth of another 
compound to have a semiconductor layer, so long as it undergoes 
the reaction process similar to that associated with an 
InP-based compound. 

As described above, this example gives a layer of grown 
InP-based crystal faster, because it guides an organometallic 
compound, e.g., TEI, by a hood-equipped gas supply tube and 
supplies the preheated gas, e.g., PH3 gas, onto the substrate. 
In addition, the gas supply tube and heating block for 
preheating can be attached to, or detached from, the device, 
facilitating cleaning of the tube inside. 

Therefore, the present invention can form a high-quality 
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growth layer at a high speed, in spite of its simple structure, 
and is suitable for massive production of the growth layer of 
a compound semiconductor of Group III and V elements or II and 
VI elements. As such, it has high industrial value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l outlines the conventional vapor deposition device, 
and Fig. 2 the vapor deposition device of the present invention 
described by the example, 

wherein, 1: reactor core tube, 7: boat, 8: susceptor, 9: 
substrate, 13: hood-equipped gas supply tube, 14: hood, 15: 
gas supply tube and 16: graphite block. 
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